Abstract-In this paper, we present and analyse Secondary Ion Mass Spectrometry (SIMS) measurements of oxygen concentration in 3C SiC epitaxial layers on Si. The concentration of oxygen determined by SIMS was as high as 10 19 to 10 20 atom/cm 3 . Unlike silicon, oxygen can act as donor atoms in SiC with calculated ionization levels of 200 meV [1] . It is generally believed that the main contribution of dopant concentration in the unintentionally doped SiC film is related to background nitrogen. Because of the high ionisation level, oxygen is not electrically active at room temperature. By measuring the conductivity of the films at higher temperatures, we extracted three donor energy levels: E A1 =79 meV, E A2 = 180 meV, and E A3 = 350 meV. The activation energy of 180 meV could be associated with the calculated ionization level for oxygen. Further analysis of the conductivity measurements at elevated temperatures will be performed to determine the electrically active donor concentration that is associated with the activation energy of 180 meV.
INTRODUCTION
Cubic silicon carbide (3C-SiC) is considered to be excellent material for electronic devices operating at harsh environment because of its high thermal conductivity, high critical electric field, high saturation velocity and wide band gap (2.2eV). Using the chemical vapor deposition techniques, 3C-SiC on silicon (3C-SiC/Si) wafers with large diameters can be achieved and at low cost [2] , [3] . It is generally believed that the main contribution of dopant concentration in the unintentionally doped SiC film is related to background nitrogen. Recently, Eickoff et al. observed a deep donor level with ionization energy level of 195meV in undoped 3C-SiC layers deposited on the SOI substrate from the temperature dependence of the carrier concentration. They attributed the origin of deep donor to the oxygen. The question of how the oxygen affect the electrical properties in 3C-SiC films has not been fully addressed. In this paper, we present and analyse Secondary Ion Mass Spectrometry (SIMS) measurements of oxygen concentration in 3C-SiC epitaxial layers on silicon. We will also present measurements results and analyses of conductivity at different temperatures in the corresponding 3C-SiC films.
II. EXPERIMENT
The investigated 3C-SiC films were prepared on silicon substrate at 1000 o C deposition temperature using ALE (Atomic Layer Epitaxy) technique. experiments in EAG were performed using a CAMECA IMS4f double focusing magnetic sector instruments equipped with oxygen and Cs primary ion beam sources, which is rastered over a square area. Beam current used in the analysis are 50 to 280nA. The experiments in ANSTO were performed using a CAMECA IMS-5f double focusing magnetic sector instruments equipped with oxygen and Cs primary ion beam sources. Beam current used in the analysis were 50 to 230nA
and rastered over a square area 250×250µm. The electrical properties of the 3C-SiC films were also investigated for the temperature range 300K to 550K using standard four-point probe technique without removal substrates. Ohmic contacts for four-point probe test structures were prepared by evaporation of Ni. a commercial Si substrate and included in Figure 1 . The result shows that high oxygen counts were also detected which indicates that a high chemical concentration of oxygen exists in both the Si substrate and SiC. High levels of oxygen (up to 10 20 /cm 3 ) in the sample F2 was detected by EAG SIMS measurement as shown in Figure 2 . We have also extracted donor ionisation energies of the different samples from the conductivity measurement. The results are listed in Table II . Generally, all the films investigated exhibit a shallow donor ionization energy, E A1 , of less than 80meV from room temperature to 120 o C. The energy levels extracted are similar to nitrogen levels as determined by others [4] as Figure 3 shows the temperature dependence of the electrical conductivity of the sample.
In fact, O and N are two potential elements as donors to contribute to our measured conductivity. Both conductivity measurement and extracted activation energy indicate that O and N are two elements as donors. Although SIMS measurements show a higher count of O in sample F1 compared to F3, the extracted activation energy of F1 indicates that nitrogen is still the main contribution in carrier concentration. However, the extracted activation energy of F1 starts to show as 0.180eV at higher (> 120 o C) temperature which is close to the calculated ionization energy. This result indicates that O is partly involved in the measured conductivity also.
Therefore, high chemical concentration oxygen does not necessarily mean that all the oxygen in the deposited film is electrically active. Electrical conductivity measurement shows that sample F3 exhibits another deeper donor level, E A3 = 350 meV. The origin of this donor is not clear at the moment and it is likely due to structural defects at the 3C-SiC/Si interface. We also cannot rule out there is no parallel conduction due to the carrier from the silicon substrate at this high temperature. As for Si, generally there is no significant change on temperature difference on the conductivity. Therefore, unlike SiC, O does not play a major role in Si doping. Instead, N is a major donor contributor for the measured conductivity. The interstitial location of oxygen in the Si crystal might account for this observation -high chemical concentration oxygen and low electrical activity of oxygen. 
IV. CONCLUSION
Oxygen was observed in all samples analysed at ANSTO and EAG. High levels of oxygen (up to 10 20 /cm 3 ) in the sample F2 was detected by EAG SIMS measurement. High oxygen counts were observed also in sample F1 and F3 in both the SiC and Si substrate by ANSTO SIMS measurement. The level in the Si was confirmed by measuring an unprocessed commercial Si wafer. Because high oxygen levels do not appear to be the main contributor to our measured electrical conductivity at room temperature and does not degrade crystal quality, it is not considered a major issue.
